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Abstract. Higgs boson production in association with bottom quarks, is one of the most important
discovery channels for Higgs particles in the Standard Model (SM) and its supersymmetric extension
at the LHC pp collider . The theoretical prediction of the corresponding cross section has been
improved by including the complete next-to-leading order QCD corrections. We review the status
results for the leading order to the partonic process and present calculations for the integrated
cross-section in both single and double parton scattering collisions.
PACS. 14.80.Bn Standard-model Higgs bosons – 14.80.Cp Non-standard-model Higgs bosons –
11.80.La Multiple scattering – 13.85.Hd Inelastic scattering: many-particle final states
1 Introduction
The discovery of the SM Higgs boson is one of the most
important goals and pressing issues of present and fu-
ture colliders. An important prerequisite for identify-
ing the most convenient signatures for detecting Higgs
boson needs a precise knowledge of the various pro-
duction cross-sections, decay branching ratios, decay
width, and their couplings to other particles.
Recently, much progress has been made in the de-
tection of a Higgs boson, next-leading order correc-
tions are now known for most sub-process [1,2,3,4,5,
6], knowledge of parton distribution functions has im-
proved as more deep inelastic data become available
and the range of possible input parameter values de-
creased.
The dominant production of a SM Higgs boson in
hadronic interactions is through gluon-gluon fusion [7,
8,9]. Various channels can be explored to search for
Higgs boson at hadron colliders. There are only a few
Higgs production mechanism which lead to detectable
cross-section. Each of them use the preference of cou-
pling of the SM Higgs to heavy particles either massive
vector bosons or massive quarks.
The associated production of a Higgs boson with a
pair of bb¯ quarks has a small cross-section which is due
to small size of Yukawa coupling gbb¯h = mb/v ≃ 0.02 in
the SM [10]. In some extensions of the SM, such as the
MSSM, the Yukawa coupling of b-quarks can become
strongly enhanced, the associate production of a Higgs
boson with a pair of bb¯ quarks can dominate over other
production channels and this production mechanism
can be a significant source of Higgs bosons [11].
Detecting two bottom quarks in the final state iden-
tifies uniquely the Higgs coupling responsible for the
a
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enhanced cross-section and drastically reduces the back-
ground. This corresponds to an experiment measuring
the Higgs decay along two high pt bottom quark jets.
In a four-flavor-number scheme with no b-quarks
in the initial state, the lowest order processes are the
tree level contributions from gg → bb¯h and qq¯ → bb¯h.
At high energies and due to large flux in particu-
lar at the LHC, another type of scattering mechanism
contributes to the cross section besides to single scat-
tering. Thus, for qq¯ → bb¯h production there would be
two computing mechanisms: single parton scattering
and double parton scattering featuring two Drell-Yan
processes happening simultaneously.
The purpose of the present work is to point out
that the same bb¯h final state can be produced also by
double parton scattering collision process. The large
rate of production of bb¯ pairs expected at the LHC
gives rise to a relatively large probability of production
of a bb¯h in the process underling the H production.
In fact as a result of the present analysis it is found
that double parton scattering may represent a rather
sizable source of background.
2 Double Parton Scattering Mechanism
The multiple parton scattering occurs when two or
more different pairs of parton scatter independently
in the same hadronic collision [12,13,14].
With the only assumption of factorization of the
two hard parton processes A and B, the inclusive cross
section of a double parton-scattering in a hadronic col-
lision is expressed by:
σD(A,B) =
m
2
∑
i,j,k,l
Γij(x1, x2; b)σˆ
A
ik(x1, x
′
1)
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σˆBjl (x2, x
′
2)Γkl(x
′
1, x
′
2; b)dx1dx
′
1dx2dx
′
2d
2b (1)
Where Γij(x1, x2; b) are the double parton distri-
bution function, depending on the fractional momenta
x1, x2 and the relative transverse distance b of the two
parton undergoing the hard processes A and B, the in-
dices i and j refer to the different parton species and
σˆAik and σˆ
B
jl are the partonic cross section. The factor
m/2 is for symmetry, specifically m = 1 for indistin-
guishable parton processes and m = 2 for distinguish-
able processes.
The double distributions Γij(x1, x2; b) are the main
reason of interest in multiparton collisions. This dis-
tribution contains in fact all the information of prob-
ing the hadron in two different points contemporarily
through the hard processes A and B. The cross section
for multiparton process is sizable when the flux of par-
tons is large, namely at small x. Given the large flux
one may hence expect that correlations in momentum
fraction will not be a major effect and partons to be
rather correlated in transverse space. Neglecting the
effect of parton correlations in x one writes:
Γij(x1, x2; b) = Γi(x1)Γj(x2)F
i
j (b) (2)
where Γi(x)the usual one body parton distribution
F ij (b) is function and is a function normalized to one
and representing the pair density in transverse space.
The inclusive cross section hence simplifies to:
σD(A,B) =
m
2
∑
ijkl
Θijklσˆjl(A)σˆkl(B) (3)
where σˆjl(A) and σˆkl(B) are the hadronic inclusive
cross section for the two partons labeled i and j un-
dergoes the hard interaction labeled A and for two par-
tons k and l to undergo the hard interaction labeled
B;
Θijkl =
∫
d2bF ik(b)F
j
l (b) (4)
are the geometrical coefficients with dimension an in-
verse cross section and depending on various parton
processes. These coefficients are the experimentally ac-
cessible quantities carrying the information of the par-
ton correlation in transverse momentum. The cross
section for multiple parton collisions has been further
simplified as:
σD(A,B) =
m
2
σˆ(A)σˆ(B)
σeff
(5)
Where all the information on the structure of the
hadron in transverse space is summarized in the value
of the scale factor, σeff .
The experimental value measured by CDF yields [15]
σeff = 1.45± 1.7+1.7−2.3 mb
It is believed that is largely independent of the
center-of-mass energy of the collision and on the na-
ture of the partonic interactions. The experimental ev-
idence is not inconsistent with the simplest hypothesis
of neglecting correlations in momentum fractions.
3 Cross-Section Results
Higgs search in the bb¯h channel, however employ cuts
on the b-quark transverse momenta and thus requires
theoretical predictions for exclusive final states. The
solution is provided by calculations based on the par-
ton processes qq¯, gg → bb¯h.
In this article we evaluate the fully cross section for
bb¯h production by requiring that the transverse mo-
mentum of both final state bottom and anti-bottom
quarks be larger than 20 GeV. This corresponds to an
experiment measuring the Higgs decay products along
with two high pt bottom quark jets. These cuts re-
duce the cross section by one or two orders of mag-
nitude, but also greatly reduce the background and
ensure that the Higgs boson was emitted from a bot-
tom quark and is therefore proportional to the square
of the b-quark Yakawa coupling.
The cross section for leading order sub-process for
Higgs-boson production in association with bottom
quarks obtained using MRST parton distribution [16],
the packages MadGraph [17] and HELAS [18] and the
integration was performed by VEGAS [19] as function
of Higgs mass for the LHC with
√
s = 14 TeV are
displayed in Fig. 1.
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Fig. 1. Leading order cross section (pb) for Higgs boson
production in association with bottom quarks as a function
of the Higgs boson mass at the LHC.
The cross-section for Higgs production in associa-
tion with bottom quarks are not large but may be use-
ful if high luminosity is available, since the Higgs boson
can be “tagged” by trigging on the bottom quarks.
Sizable rates of events where two bottom quarks as-
sociate with Higgs boson are produced contemporarily
at the LHC, as a consequence of the large parton lumi-
nosity. The corresponding integrated rate is evaluated
by combining the integrated cross section for Higgs
boson and production at LHC energy.
If one use the cross section for Higgs boson pro-
duction from pp → H + X , σ(bb¯) ≃ 5 × 102 µb as a
value for the scale factor σeff = 1.45 mb (the observed
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value is σeff = 1.45±1.7+1.7−2.3 mb) one obtain the cross
section for a double parton collision producing a Higgs
boson and a bb¯ pair.
The large rate of bb¯ pair at the LHC gives rise to a
relatively sizable production of Higgs boson associated
with bb¯ quarks.
Figure 2 shows the double parton scattering to the
Higgs boson associated with bb¯ quarks.
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Fig. 2. Total cross section for Higgs boson associated with
bottom quarks in the SM as a function of the Higgs boson
mass at LHC energy.
4 Summary
In this work we have investigated bb¯h production at the
LHC, which is important discovery channel for Higgs
boson in the SM and its extension in the MSSM at
large values of tanβ, where the bottom Yakawa cou-
pling is strongly enhanced.
Our calculations corresponds to the cross section
for Higgs boson in association with two tagged b jets
in single and double parton scattering mechanism.
Although the double parton collision cross section
is not large, but it should be taken in consideration
because a sizable rate of events where pairs of quarks
are produced at the LHC, as a consequence of the large
parton luminosity.
However, in the hadron collider environment, the
large QCD backgrounds may cause the observation im-
possible for those events if Higgs bosons decay hadron-
ically. Individual channels with hadronic decays should
be studied on case by case.
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